Among the various alkali oxides the sesquioxides Rb 4 O 6 and Cs 4 O 6 are of special interest.
I. INTRODUCTION
Magnetism arising from d-and f -shells has drawn the bulk of research attention but p-electron based magnetic order is a rare and fascinating topic that presents the added challenge of molecular and not just atomic ordering. The majority of main group molecules are nonmagnetic. Few exceptions are found, e.g. in NO, NO 2 and O 2 . Molecular oxygen contains two single electrons in degenerate antibonding π * -orbitals, which can order magnetically in a solid crystal. Solid oxygen shows a large variety of magnetic phenomena ranging from antiferromagnetism to superconductivity.
1,2,3,4,5
What applies to molecular oxygen applies equally to charged oxygen molecules with unpaired electrons. Dioxygen anions are principally found in alkali and alkaline earth oxides, which represent excellent model systems because of their supposedly simple electron configurations. The hyperoxide anion O − 2 corresponds to "charged oxygen". Since it still contains one unpaired electron, magetic order is enabled for hyperoxides. KO 2 , RbO 2 , and CsO 2 are known to exhibit antiferromagnetic ordering below their respective Néel temperatures of 7 K, 15 K, and 9.6 K, respectively.
6,7
Among the alkali oxides, the sesquioxides are of special interest. In contrast to related compounds, which are white, yellow, or orange, the sesquioxides Rb 2 ). 8 The mixed valency enables complicated magnetic structures in the sesquioxides. The first descriptions of the crystal structures of the sesquioxides were published in 1939 in the pioneering works of Helms and Klemm.
9,10,11
Both compounds belong to the Pu 2 C 3 structure type and to space group I 43d. This Pu 2 C 3 structure type is known from the noncentrosymmetric rare earth metal sesquicarbide superconductors such as Y 2 C 3 with a maximum critical temperature of T c = 18 K. 12 For Cs 4 O 6 , the literature runs out after 1939 because of the extremely challenging synthesis and sensitivity to air. In Rb 4 O 6 , the presence of both peroxide and hyperoxide anions was verified by neutron scattering 13 , and electronic structure calculations using the local spin density approximation (LSDA) were performed to explain the exceptional black color. alignment along the principal axes. We assumed the nonmagentic peroxide anions to be oriented along the z-axis, whereas the hyperoxides are oriented along the x-and y-axes.
The experimental bond lengths for the hyperoxide and the peroxide anions are 0.144 a and 0.165 a, respectively 19, 20 . The cubic lattice parameters are found in Section IV.
III. SYNTHESIS
The precursors rubidium and cesium oxide AM 2 O as well as rubidium and cesium hyperoxide AMO 2 were prepared from elemental sources. For AM 2 O, liquid rubidium/cesium, purified by distillation, was reacted with a stochiometric amount of dry oxygen in an evacuated glass tube followed by heating at 473 K for two weeks under argon atmosphere.
21,22
The samples were subsequently ground under argon and the entire cycle was repeated five times. A slight excess of rubidium/cesium was distilled at 573 K in vacuum, resulting in a pale green powder of Rb 2 O and an orange powder of Cs 2 O. AMO 2 were prepared through the reaction of liquid rubidium/cesium and an excess of dry oxygen using the same method as described for AM 2 O, resulting in yellow powders of RbO 2 and CsO 2 , respectively. were sealed in a high-purity quartz tube (Suprasil glass) under helium atmosphere.
IV. STRUCTURAL CHARACTERIZATION
The crystal structures of the compounds were investigated using XRD. The measurements were carried out using a Bruker D8 diffractometer with Cu K α1 radiation for Rb Table I , additional structural information is found in In the cases of temperature dependent and time dependent magnetometry we performed under zero-field-cooled (ZFC) and field-cooled (FC) measurements. For the ZFC conditions, the samples were first cooled to a temperature of 1.8 K without applying a magnetic field.
After applying an induction field µ 0 H, the magnetization was recorded as a function of temperature or time. For the temperature dependent measurements, the magnetization was recorded directly afterward in the same field upon lowering the temperature down to 1.8 K again (FC).
Temperature dependent magnetization experiments were discussed in an earlier work show multiple phase transitions, 7, 25 which are in some cases even very small changes of the lattice parameters. The peak may correspond to such a phase transition.
We also performed field-dependent magnetization measurements. is the relative position parameter of the oxygen atoms that depends on the bond length d of the dioxygen anions and the lattice parameter a.
b) In space group I 2 1 2 1 2 1 (no. 24) each pair O ij (i = 1, 2, 3, j = 1, 2) forms one set of O 2 anions.
The centers of these anions are located at (7/8, 0, 1/4), (1/4, 7/8, 0), and (0, 1/4, 7/8). q 1 and q 2 (for values see Table II ) are the relative position parameters of the peroxide and hyperoxide anions, respectively. All permutations of q 1 and q 2 lead to the same structure. 
